The distribution of acetone-soluble (neutral glycolipid) and acetone-insoluble (phospholipid isoprenoids) lipids in oral isolates of gram-negative gliding bacteria of the genus Capnocytophaga was compared with those in a non-host-related gliding bacterium, Sporocytophaga myxococcoides. The acetone-soluble material accounted for 34 to 55% of the extracted lipids; the remainder was acetoneinsoluble material. The major phospholipid was phosphatidylethanolamine (67%), with lesser amounts of lysophosphatidylethanolamine and several unidentified phosphate-containing compounds. Capnocytophaga also contained significant amounts of an ornithine-amino lipid.
Gram-negative bacteria are the focus of increasing attention in oral microbiology (7, 38, 39) , especially in terms of their potential roles in oral pathologies. These procaryotes reportedly represent a large proportion of the predominant cultivable microbiota from periodontal lesions (47, 48, 54) . Two genera of interest are Bacteroides and Capnocytophaga, both because of their presence in periodontal pockets and their demonstrable role in bone resorption in rat gnotobiotes (21) . The causal relationship of the gram-negative bacteria in the initiation of infection remains uncertain; however, because of the dramatic rise in the number of gram-negative bacteria in developing oral lesions, one must investigate their cellular chemistry and metabolism to see what, if any, contribution these processes may make to the disease process. In an accompanying publication (17) we describe the cellular fatty acid composition of one group of gram-negative bacteria isolated from developing periodontal lesions-genus Capnocytophaga; here we report the composition of the neutral and phospholipids of this genus and compare them with those in a bacterium not known to be host associated but which is also gram-negative and motile by gliding-Sporocytophaga myxococcoides.
MATERIALS AND METHODS
Organisms. Capnocytophaga sputigena, Capnocytophaga ochracea, and Capnocytophagagingivalis, as well as S. myxococcoides have been described elsewhere (18, 19, 30, 48) .
Growth conditions. To obtain a satisfactory yield of cells for lipid analysis, the capnobacteria were grown by the following protocol. Cells were streaked on the surface of fresh Trypticase soy sheep blood (5%, vol/ vol) agar medium (BBL Microbiology Systems) and incubated at 370C for 2 to 3 days in Brewer jars under a 5% C02-95% N2 atmosphere. Growth was removed from the agar surface with either a sterile loop or spreader and then placed into freshly prepared ToddHewitt broth (supplemented with [wt/vol] 0.01% sodium succinate and 5 x 10-'% hemin; the pH of the medium was adjusted to 7.6 to 7.8 with NaOH before autoclaving) in screw-capped tubes. The tubes were incubated (with loose caps) in Brewer jars under the conditions described above. After 24 to 48 h of incubation, the growth from a single tube was transferred to approximately 125 ml of Todd-Hewitt broth in a 250-mnl Erlenmeyer flask; incubation was again in a CO2-N2 atmosphere in Brewer jars for 24 (44) . The sample was dissolved in 7.5 to 10 ml of cold chloroform and applied to the top of the silicic acid column, and the lipid was permitted to enter the bed of the support. Neutral, glyco-, and phospholipid fractions were eluted with 10 ml of chloroform, 40 ml of acetone, and 10 ml of chloroform-methanol (20:80), respectively.
All fractions were reduced to dryness under N2, dissolved in chloroform-methanol (2:1), and stored under N2 at -20'C until analyzed by thin-layer chromatography.
Authentic standards of neutral, glyco-, and phospholipids were used as internal markers for lipid elution through the silicic acid column.
Thin-layer chromatography. Commercially prepared Anasil G (Foxboro Analytical Corp., North Haven, Conn.) silica gel plates were used to separate components in the three separated fractions. All such fractions were run both in one and two dimensions. The solvents used were as follows (vol/vol): chloroform-methanol-7 N NH4OH (60:35:5), hexane-etheracetic acid (70:30:4), and chloroform-methanol-acetic acid-water (5:2:1:0.5). The lipids were located initially by iodine vapor reactivity or with Rhodamine 6G spray. They were further characterized by chromatographic comparison with known standards (Applied Sci. Labs, State College, Pa. and Supelco, Inc., Bellfonte, Pa.), and their color reactions with specific sprays: ammonium molybdate for phospholipids (11, 55) , Dragendorf reagent for choline (56) , anisaldehyde for polyprenols (12) , diphenylamine for glycolipids (14) , and ninhydrin for amino-containing compounds (9) . Acid hydrolysis. Amino acid-containing lipids were treated by the acid hydrolysis method of White and Frerman (57) . The water-soluble hydrolysates were subjected to descending paper chromatography on Whatman no. 1 paper in the solvent n-butanolacetic acid-water (4:1:5 [vol/vol/vol]). The chromatograms were routinely run for 30 h at room temperature, dried, freed of solvent, and sprayed with ninhydrin (for free amino acids). The benzo-quinone test (37) was used to determine the presence of ethanolamine. In all cases, authentic standards were analyzed along with the unknowns.
Phosphate determination. Phosphate was determined by the method of Ames and Dubin (3) as described by DeSiervo (10) . Total lipids were revealed in iodine vapor. The spots were marked, the I2 was INFECT. IMMUN. permitted to vaporize, and these areas were scraped from the thin-layer chromatography plates. Lipids were eluted from the scrapings with chloroform-methanol (2:1 [vol/vol]) and chloroform, the solvents were evaporated, and the total phosphorus was determined (1-3, 10). The total phosphorus recovered in the experiments reported here varied between 70 and 85% of the total applied. The phosphate analyses were performed in duplicate, and the data presented represents an average of at least six independent determinations.
All glassware was acid washed and rinsed in glassdistilled, deionized water before use.
Chemicals. All solvents used in the lipid extractions and analyses were spectra-analyzed chemicals (Fisher Scientific, Medford, Mass.); lipid standards were obtained from Applied Sci. Labs and Supelco Corp. The ornithine lipid was obtained through the generosity of R. W. Finnerty, University of Georgia, Athens, Ga.
RESULTS AND DISCUSSION
The cellular lipids in the gliding bacteria examined in this study were similar to that observed by other investigators for several gramnegative bacteria (4, 15, 20, 23, 24) . The acetonesoluble or neutral glycolipid fraction accounted for 33 to 54% of the weight of the total cellular lipids of Capnocytophaga (Table 1) . The acetone-insoluble fraction, representative of the cellular phospholipids, represented 30 to 36% of the total cellular lipids. Two of the three capnobacterial species had essentially equal proportions of acetone-soluble versus acetone-insoluble lipids, as was also reported for another gliding bacterium, Flexibacter polymorphus (22, 33) and as is the case for S. myxococcoides.
C. sputigena, on the other hand, had a greater proportion of acetone-soluble lipids than do these other organisms. In F. polymorphus, the remainder of the extractable lipids were glycolipids, representing approximately 23% of the total cellular lipids.
Analysis of the acetone-soluble and -insoluble fractions by thin-layer chromatography revealed at least five iodine and Rhodamine 6G-positive spots (Fig. 1) . When examined with specific (26) (27) (28) 42 10 to 20% of the total ithine-amino extractable phosphatides in the marine pseudomonads and S. typhimurium (40, 41) . For example, Spirullum linum contained 23% of its ;s were also phospholipid as phosphatidylglycerol, whereas hospholipid Pseudomonas perfectomarinus contained only gly reactive 10% phosphatidylglycerol (40) . Interestingly, other was an these two phosphatides accounted for essentially te-negative all (97.6 and 95.6%, respectively) of the cellular phospholipids of these two marine bacteria. 1 was a maAs shown in Table 2 , the three Capnocytoraction and phaga species have a similar quantitative distriunds; exact bution of the phospholipids, with the total phosIn addition phate-containing lipids being distributed beid fraction, tween two major (PE and LPE) and a few minor of squalene compounds. In Neisseria gonorrhoeae (50) the graphy and phospholipid fraction consisted of large amounts it of neutral of PE (70%) and phosphatidylglycerol (19%), ,re found in with smaller amounts of phosphatidylcholine (2 observed in to 11%) and cardiolipin (0.3%). Pseudomonas iction(s) of pertucinogena (28) 26, 1979 on January 11, 2018 by guest http://iai.asm.org/ Downloaded from matographic characteristics to an ornithine lipid described by Makula and Finnerty (34) in Desulfovibrio gigas and similar in its chromatographic properties to that reported in other procaryotes (15, 29, 46, 52, 53, (58) (59) (60) .
In addition, this amino lipid, upon elution and purification from the silicic acid plates, co-partitioned with pure D. gigas ornithine-amino lipid.
Paper chromatographic analysis of the watersoluble acid hydrolysis products of the phosphatides and ornithine-amino lipid revealed ethanolamine, ornithine, and small amounts of serine as the only products of hydrolysis, confirming the identity of these lipids as PE, LPE, phosphatidylserine and ornithine-amino lipid. The compounds were also positively identified as PE, LPE, and phosphatidylserine by infrared spectroscopy and snake venom phosphorylase A hydrolysis.
The function of the ornithine-amino lipid in Capnocytophaga is unknown. It may function by providing membrane stability, similar to the cross-linking of the Spirochaeta stenostrepta peptidoglycan by L-ornithine (25, 45) , or it may provide a lipid-protein interaction required, for example, in gliding motility. Its possible association with lipopolysaccharide should not be overlooked, with the hydrophobic lipid moiety binding to, or associated with, the lipopolysaccharide.
Makula and Finnerty (35) have chemically characterized the ornithine lipid from D. gigas; it contains several fatty acid moieties: a 3-hydroxypalmitate in amide linkage to the 2-amino nitrogen of ornithine and a complex variety of fatty acids, designated R2, in ester linkage to the 3-hydroxy oxygen of palmitate. Of considerable interest was the finding that 43% of the fatty acid at R2 was an aC150 compound. We have not yet established the presence of this fatty acid in the capnobacterial ornithine-amino lipid. We know, however, that the lipid A of the isolated lipopolysaccharide of the Capnocytophaga has as its major fatty acid component aCI5:o and that over 70% of the total extractable fatty acid is accounted for by this compound (17) .
The distribution of neutral and phospholipids in S. myxococcoides was similar to that observed in Capnocytophaga and other gram-negative bacteria (6, 27, 28, 31, 32, 36, 49, 50) . However, the variety of these neutral lipids and phosphatides was greater than observed in Capnocytophaga. The (20) as well as in bacteria (42 
